Introduction
============

Pain has been defined as the fifth vital sign following body temperature, pulse, respiration, and blood pressure \[[@ref1]\]. Previous reports show that the incidence of pain is 30% to 50% in patients with early and midstage cancer and 75% to 90% in patients with advanced cancer \[[@ref2]\]. Pain devastates the quality of life (QoL) of patients with cancer, impedes cancer recovery, interferes with activities of daily living, and results in long-term morbidity \[[@ref3]\]. Poor pain management places a huge emotional burden on patients and their relatives and represents a significant cost burden to the health care system and families, with pain being the most common reason for patients with cancer to use emergency health services \[[@ref4]\].

In 2011, the Chinese Ministry of Health initiated the Good Pain Management Ward Program to improve the management of cancer pain in hospitalized patients \[[@ref5]\]. Despite existing guidelines to assess and manage pain \[[@ref6]\], the management of cancer-related pain is suboptimal, and patients are regularly undertreated outside the hospital \[[@ref7],[@ref8]\]. More than half of patients suffering from cancer pain are not treated adequately, especially discharged patients and remote patients with less access to health care \[[@ref9]\].

According to data from the China Internet Network Information Center, as of June 2018, the number of mobile internet users in China had reached 788 million, and 98.3% of them used mobile phones to access the internet \[[@ref10]\]. The use of mobile technology to develop low-cost and pragmatic patient-centered interventions is a key factor in reducing health care costs and advancing the science of symptom management \[[@ref11]\].

Although there are 165,000 medical and health apps (categorized under mobile health \[mHealth\] or electronic health \[eHealth\]), most of these apps are not scientifically validated \[[@ref12]\]. In a review of 279 pain-related apps, only one app was found to have undergone scientific evaluation \[[@ref13]\]. There is a need to develop and test theory-based and evidence-based apps to better support patients with accessible pain care self-management.

Considering these points, we developed a mobile phone app, known as Pain Guard. With the existing medical system and insufficient medical resources in China, a pain management app can be useful and appreciated by patients and health care professionals, making it a good choice for the management of cancer pain in our country \[[@ref14],[@ref15]\]. The purpose of our study was to develop and test Pain Guard for pain management among Chinese cancer patients discharged from hospital treatment.

Methods
=======

Pain Guard Design
-----------------

The Pain Guard app includes two opening screens: one opens to medical staff (the therapeutic interface) and the other opens to patients (the patient interface). The app in our study was designed to operate on the Android and iOS mobile operating systems to achieve an affordable, portable, and easy to use environment for patients. A total of 30 senior domestic pharmacy experts, clinical experts, nursing experts, and psychologists were included in the design process.

We used the Delphi method \[[@ref16]\] to design the functions of Pain Guard to ensure that the modules and questionnaires included in Pain Guard were practical and scientifically sound. The construction of the questionnaires and the system module content indicators---at all levels of the entries, grades, and indicators of the app's function---underwent two rounds of expert consultation. The app's design was jointly accomplished by oncology clinical pharmacists and physicians, in collaboration with information technology (IT) engineers at the Union Hospital of Fujian Medical University and a music therapist. The design team adopted a modular approach consisting of several functional subsystems to facilitate speedy progress by multiple teams. After designing the system architecture, engineering work, such as programming and system integration, was outsourced to a professional IT company to produce an executable mobile phone app.

The therapeutic interface of the Pain Guard App was designed for checking a patient's medical history, which was recorded by the system, and for providing real-time patient consultation ([Figure 1](#figure1){ref-type="fig"}). Note that all screenshots of the app include translations that have been added in.

The Patient App
---------------

The patient interface of the app consisted of nine modules: self-evaluation, reminders, reports, records, real-time medication consultation, musical soothing treatment, pharmaceutical moments (a module for educating patients), team expert introduction, and my center ([Figure 2](#figure2){ref-type="fig"}).

![Screenshot of the medical experts' search page.](mhealth_v7i5e12542_fig1){#figure1}

![Screenshot of the patient app home page.](mhealth_v7i5e12542_fig2){#figure2}

### Self-Evaluation Module

This module consisted of two parts: daily cancer pain assessment and breakthrough cancer pain (BTcP) assessment. The pain diary ([Figure 3](#figure3){ref-type="fig"}) was a questionnaire that consisted of 12 questions; this was used to track patients' self-reported pain data, including assessment of pain intensity, the location of the pain, the nature of the pain, the pain score, the frequency of BTcP, medication status, and any adverse reactions. A body map displayed on the mobile phone screen allowed the patient to choose the precise location of recently experienced cancer pain. The pain score was based on a numerical rating scale (NRS) from 1 to 10. The patients were asked to identify the highest severity of pain, using NRS scores, within the previous 24 hours, as well as to report the current pain score. The BTcP assessment included a questionnaire that contained the score, the location, and the duration of pain. An intervention alarm was designed to help patients manage their pain in real time. When moderate or severe BTcP (with a pain score greater than or equal to 4) occurred, the system would alert the patient, with a prompt to follow medication orders. An hour later, the patient would be prompted to reassess their BTcP. If the pain score still exceeded 4, the processing plan would repeat.

### Reminders

This module was designed to remind patients to perform a BTcP reassessment and to view their examination and medication schedules so that they would remember to take their pain medicine on a regular basis ([Figure 4](#figure4){ref-type="fig"}).

### Records

This module was designed so that patients could see their pain status and treatment history ([Figure 4](#figure4){ref-type="fig"}).

### Report Center

This module was designed to enable patients to take photos of their inspection reports to be forwarded to the pain management team ([Figure 4](#figure4){ref-type="fig"}). These reports included blood tests (eg, blood routine, liver function, and kidney function), imaging data (eg, computed tomography and magnetic resonance imaging scans, and ultrasound), and other findings that may be associated with pain management that enable medical staff to monitor drug reactions.

### Real-Time Medication Consultation

This module was designed to facilitate a real-time consultation session on pain management between the patient and the cancer pain management team ([Figure 5](#figure5){ref-type="fig"}).

![Screenshot of the self-evaluation module, including the pain diary and breakthrough cancer pain assessment parts.](mhealth_v7i5e12542_fig3){#figure3}

![Screenshots of the reminds, records, and report center modules.](mhealth_v7i5e12542_fig4){#figure4}

![Screenshot of the real-time medication consultation module.](mhealth_v7i5e12542_fig5){#figure5}

### Soothing Music Treatment

This module consisted of a questionnaire and an intelligent filter push function. The content of the questionnaire and recommended music catalog were formulated by the Delphi expert correspondence method. A total of 56 sounds were selected: 20 nature, 10 piano music, 5 harp music, 5 easy-listening music, 5 Chinese music, 5 religious (Christian) music, and 6 religious (Buddhism) music. These sounds could be used free of charge. According to a brief questionnaire, the system would suggest music playlists and links to help patients relieve tension and anxiety, raise the threshold of pain, and increase comfort levels ([Figure 6](#figure6){ref-type="fig"}).

### Pharmaceutical Moment

This module was designed to provide pharmacological knowledge for patients' self-learning, including information on antitumor drugs, analgesic drugs, and adverse reaction prevention ([Figure 7](#figure7){ref-type="fig"}).

### My Center

This module was designed to survey satisfaction, collect feedback from patients for further improvement of the app, and to provide instructions for the usage and version information of the app ([Figure 8](#figure8){ref-type="fig"}).

Study Design
------------

An experiment was designed to test the effectiveness of Pain Guard on cancer pain management. The experiment involved two groups: a Pain Guard trial group and a control group.

### Pain Guard Study Group

After obtaining consent from all participants, clinical pharmacists conducted a standardized education session to teach the participants how to operate the mobile phone, use Pain Guard, properly assess pain, and use the rating system. The participants in the study group were asked to complete initial and final pain assessment questionnaires and QoL questionnaires on the mobile phones provided to them. Participants were encouraged to use Pain Guard as much as possible to record their pain status, at least once every day for 4 weeks.

### Control Group

The control group received conventional pharmaceutical care. Initial and final pain and QoL assessment data were collected. Before the patient was discharged from the hospital, the clinical pharmacist conducted detailed medication education (including medication methods, prevention and treatment of adverse reactions, and precautions) and asked the patient to attempt to maintain a paper version of the pain diary.

![Screenshot of the soothing music treatment module.](mhealth_v7i5e12542_fig6){#figure6}

![Screenshot of the pharmaceutical moment module.](mhealth_v7i5e12542_fig7){#figure7}

![Screenshot of the My Center module.](mhealth_v7i5e12542_fig8){#figure8}

Enrollment of the Participants
------------------------------

The participants had to meet the following screening criteria: (1) able to read Chinese and use a mobile phone, (2) aged between 18 and 75 years, (3) diagnosed with cancer and had self-reported cancer pain within a month before the study, and (4) could understand the study process and evaluation, agreed to participate in the trial, and signed the informed consent form. Exclusion criteria included (1) severe cognitive impairments; (2) hepatic insufficiency (alanine aminotransferase ≥2.5 × upper limits of normal \[ULN\], aspartate aminotransferase ≥2.5 × ULN, total bilirubin ≥ 1.5 × ULN), or renal insufficiency (serum creatinine ≥2.5 × ULN); (3) inability to complete the pain assessment; (4) participation in any other investigational therapies or other study protocols that may have an impact on pain intensity, which were the main outcomes of this study; (5) history of drug abuse, addiction, or severe alcoholism; and (6) opioid allergy.

Principle Objectives
--------------------

The primary objective was to assess the effectiveness of pain management with Pain Guard. The secondary objectives were to evaluate the feasibility and changes in the quality of patients' lives, user satisfaction, incidence of adverse reactions, and medication adherence when using Pain Guard.

Measurement
-----------

### Pain Assessment and Quality of Life Evaluation

All participants were asked to complete a general information questionnaire regarding pain management and assessment. A baseline pain assessment was conducted using an NRS in both groups. Furthermore, a baseline QoL evaluation was conducted using the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 in both groups. At the end of the trial, the pain assessment and QoL evaluation were repeated in both groups. Medication adherence was calculated by comparing the patient's daily dose with the physician's prescription and medication cycle \[[@ref17]\]. The consumption of the analgesic drugs was recorded by a questionnaire on pain management in Fujian Medical University Union Hospital, Fuzhou City, China.

The feedback on Pain Guard was designed to evaluate satisfaction with the system. The questionnaire was completed by participants at the end of the study. Overall satisfaction ratings were displayed by a certain number of stars. The number of stars was on a scale of 1 to 5, with 1 star being the worst and 5 stars being the best. The data generated after the survey were used to evaluate patient satisfaction with Pain Guard. The questionnaire also contained an open-ended question in which participants were encouraged to give any other suggestions regarding improvements to Pain Guard.

Data Analysis
-------------

Due to the nature of this pilot work and the sample size, only limited statistical analyses were performed. Outcome evaluators were blinded to the data collection. The data were processed by using the R Statistical Software Package 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria), and were tested for normality by using the Shapiro-Wilk test. Notably, the mean values of several groups were not normal distributed (*P*\<.05), so the nonparametric test was used. The Wilcoxon-Mann-Whitney test was used to analyze differences in remission rate of pain, BTcP, medication adherence, and QoL between the trial and control groups.

User Statistics
---------------

The research was registered online at the Chinese Clinical Trials Registry on May 9, 2018. The ethical review of this study was approved by the Medical Ethics Committee of Fujian Medical University Union Hospital in Fuzhou City on May 4, 2018. This randomized controlled study of Pain Guard was conducted at the Oncology Center of Fujian Medical University Union Hospital in Fuzhou City.

Results
=======

Participant Characteristics
---------------------------

A total of 58 participants (20 female, 38 male) were enrolled. All patients underwent treatment in which analgesia principles, titrations, maintenance, and safety for the conversion or rotation of drugs strictly followed the National Comprehensive Cancer Network Adult Cancer Pain Guidelines. A randomization scheme was generated by independent statistical personnel using a computer. All participants were then randomly assigned into two groups: the Pain Guard study group (n=31) and the control group (n=27). The study group had 14 (45%) females; the control group had 6 (22%) females. The participants' demographic information, as well as their disease characteristics, are summarized in [Table 1](#table1){ref-type="table"}.

We found no significant difference in the baseline pain scores between the two groups ([Table 2](#table2){ref-type="table"}). Over the 4-week study period, there was a significant difference in BTcP scores between the Pain Guard and control groups (median 3, interquartile range \[IQR\] 2-7 vs median 13, IQR 9.5-14, *P*\<.001). The remission rate of pain was significantly different in the Pain Guard versus control group (median 50, IQR 45-63 vs median 0, IQR 0-25, *P*\<001). The medication adherence of patients in the Pain Guard group was median 100 (IQR 98-100) compared with median 75 (IQR 62-89) in the control group, which was significantly different (*P*\<.001).

The results shown in [Multimedia Appendix 1](#app1){ref-type="supplementary-material"} indicate that there was no significant difference in the baseline of all items of QoL scores between the two groups (*P*\>.05). The study group, compared with the control group, scored significantly higher in nine QoL dimensions: cognitive functioning (W=768, *P*\<001), emotional functioning (W=552.5, *P*=.03), social functioning (W=556, *P*=.03), sleeping disturbances (W=124, *P*\<001), nausea and vomiting (W=272, *P*=.01), constipation (W=261, *P*=.008), fatigue (W=211.5, *P*=.001), pain (W=177, *P*\<001), and global QoL (W=725.5, *P*\<001). In the other dimensions, there was no significant difference. The total number of participants who completed the entire questionnaire was 58 (100%) at baseline and 58 (100%) at 4 weeks.

###### 

Characteristics of participants at baseline (N=58).

  -------------------------------------------------------------------------------------
  Variable                          Pain Guard (n=31)       Control (n=27)   
  --------------------------------- ----------------------- ---------------- ----------
  Age (years), mean (SD)            51.10 (8.98)            53.96 (8.58)     

  Sex (female), n (%)               14 (45)                 6 (22)           

  **Primary diagnosis, n (%)**      \                       \                

  \                                 Nasopharyngeal cancer   2 (6)            1 (4)

  \                                 Cervical cancer         1 (3)            N/A

  \                                 Esophagus cancer        N/A^a^           6 (22)

  \                                 Stomach cancer          5 (16)           3 (11)

  \                                 Column cancer           9 (29)           5 (19)

  \                                 Lung cancer             7 (23)           9 (33)

  \                                 Breast cancer           3 (10)           N/A

  \                                 Ovarian cancer          1 (3)            N/A

  \                                 Bladder cancer          2 (6)            N/A

  \                                 Pancreatic cancer       N/A              1 (4)

  \                                 Osteosarcoma            N/A              2 (7)

  \                                 Soft tissue sarcoma     1 (3)            N/A

  **Therapeutic regimens, n (%)**   \                       \                

  \                                 Oxycodone               7 (23)           4 (15)

  \                                 Morphine                5 (16)           3 (11)

  \                                 Methadone               13 (42)          12 (44)

  \                                 Tramadol                6 (19)           8 (29.6)
  -------------------------------------------------------------------------------------

^a^N/A: not available.

###### 

Management outcome comparisons between the Pain Guard and control groups (N=58).

  Management outcomes                     Pain Guard (n=31), median (IQR^a^)   Control (n=27), median (IQR)   W value^b^   *P* value
  --------------------------------------- ------------------------------------ ------------------------------ ------------ -----------
  Baseline NRS^c^                         4 (3-4)                              4 (3-4)                        495.5        .20
  Remission rate of pain (%)              50 (45-63)                           0 (0-25)                       686.0        \<.001
  Frequency of breakthrough cancer pain   3 (2-7)                              13 (10-14)                     97.5         \<.001
  Medication adherence (%)                100 (98-100)                         75 (62-89)                     742.0        \<.001

^a^IQR: interquartile range.

^b^W: Shapiro-Wilk test.

^c^NRS: numerical rating scale.

Adverse Reactions
-----------------

The occurrence of adverse reactions ([Figure 9](#figure9){ref-type="fig"}), recorded by brief pain inventory, was lower in the trial group (7/31) than in the control group (12/27).

User Feedback
-------------

An evaluation was conducted to measure the participants' satisfaction with the Pain Guard app. Regarding their satisfaction, 23 (74%) participants in the trial group indicated they were very satisfied, 5 (16%) were somewhat satisfied, 2 (6%) were neutral, 1 (3%) was somewhat dissatisfied; none were very dissatisfied. Overall, the data suggest a high level of user satisfaction with Pain Guard.

![Adverse reactions profile of participants during the study (N=58).](mhealth_v7i5e12542_fig9){#figure9}

Discussion
==========

Principal Results
-----------------

This study aimed to provide continuous professional treatment for patients with pain after discharge from hospital to improve QoL. We built a seven-module app with the following five functions: (1) patients can report pain status, adverse drug reactions, and physical status at any time; (2) the management team can intervene and treat the patients, according to their reports, in a timely manner; (3) re-evaluation and medication reminders are available; (4) medication education is provided to patients; and (5) music therapy treatment can be administered in the patient's own home. Through a 4-week clinical trial investigating cancer pain management through Pain Guard, it was confirmed that Pain Guard significantly reduced the frequency of BTcP and improved pain relief and medication adherence in study participants with few adverse reactions. The satisfaction survey found that participants' acceptance and satisfaction with the app were high.

The cancer pain management team consisted of clinical pharmacists, physicians, and senior nurses. When the patient comes in for a consultation, the clinical pharmacist acted as the spokesperson for the pain management team. Simple problems were solved by the pharmacist, whereas complex problems were referred to the team by the pharmacist, and the corresponding expert would respond to the questions by consulting the patient's medical records. The pharmacist was in charge of communicating the solution to the patient.

Approximately 70% of patients with cancer pain are undertreated internationally \[[@ref18]\] because physicians cannot access patients' current pain status, which is how physicians determine whether to change analgesic treatment, so the real-time messaging providing by the app plays the most important role in cancer pain management. If the drug adverse reaction and BTcP could not be treated timely and adequately, cancer pain may progress to a pain crisis \[[@ref3]\]. An innovative real-time pain assessment mechanism and electronic reporting system were considered to be more effective in capturing pain data \[[@ref19],[@ref20]\]. Our team collected detailed cancer pain reports through the app and provided personalized guidance for patients in real time.

Pain Guard was developed as a multidimensional tool, not only for real-time pain assessment but also for real-time drug adverse reaction treatment assessments and real-time messaging consultations. Such a mechanism enabled the team to convey clinical assistance and interventions to the patients. The Pain Guard app allowed patients to be able to instantaneously assess and report pain; thus, the team was able to provide prompt advice, which was not traditionally possible. From our study, the frequency of BTcP in the Pain Guard group was less than the control group. Through this app, BTcP could be reported in real time, standard treatment could be continued after the patient had been discharged, and the symptoms of cancer pain could be steadily controlled. Assessing adverse effects can lead to quicker responses, thus lowering levels of inconvenience experienced by patients \[[@ref21]\]. The incidence of adverse reactions is reduced when symptoms are effectively controlled. For example, in one patient, constipation decreased from 37% to 10%. This was likely because the patient's bowel habits and diet structure were improved based on timely feedback and individualized education facilitated by the app.

According to our hospital's investigation, cancer patient's lack of pain knowledge can lead to poor control of cancer pain \[[@ref22]\]. In the Pain Guard app, pharmacists can regularly educate patients to help them understand their pain and the drugs they take, which provides the necessary guidance for patients and ultimately improves patient adherence. The improved medication adherence reinforces optimal pain management and improves QoL \[[@ref23]\].

Music interventions may have a beneficial effect on anxiety, pain, fatigue, and QoL in people with cancer \[[@ref24]\]. Furthermore, music represents an important intervention that is inexpensive, nontoxic, readily available, and can potentially minimize cancer pain, which helps reduce procedural pain \[[@ref25]\].

According to a brief Music Therapy Self-Rating Scale \[[@ref26]\], based on patient preferences and assessment outcomes, music can be suggested to patients intelligently to aid in the processing of thoughts and emotions and the improvement of symptom management.

Our app establishes a pain case system such that the patient's pain treatment information is available through a shareable information warehouse. The information warehouse collects basic information regarding patients, history of pain, history of treatment, and user feedback. After the patient is discharged from the hospital, authorized physicians and pharmacists can review the patient's history of pain management at any time and location. Thus, the pain management team can rapidly and effectively manage the patient's pain situation and achieve a seamless connection with the hospital.

Limitations
-----------

Because this was a pilot study, illustrative data analysis from the small sample collected over 2 months could only show apparent trends in the management of patients with cancer pain outcomes from baseline to poststudy.

Conclusions
-----------

Pain Guard succeeded in connecting hospital staff with discharged patients using a low-cost, conveniently implemented system to facilitate real-time pain recording and timely intervention among Chinese cancer patients. Pain Guard effectively enhanced the management of patients with cancer pain at home, reduced adverse reactions, improved patient medication adherence, and improved patient's QoL. In addition, the software operability was effective and easily accepted by patients.
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